Introduction
To reduce the incidence of hypoxic brain injuries among newborns a national obstetric quality project (Safe Deliveries) was initiated in Denmark in 2012 (1) . As part of the project all physicians and midwives responsible for laboring women in Danish maternity units were obliged to attend a standardized cardiotocography (CTG) education program consisting of e-learning and a 1-day course with a written assessment.
Fetal surveillance with CTG is widely used, and its benefits and limitations are continually discussed (2) (3) (4) (5) . Studies indicate that there is a causal relation between errors in fetal monitoring management and hypoxic brain injuries among newborns (6) (7) (8) . Continuing education in fetal surveillance is recommended (9) (10) (11) . A review concludes that CTG training leads to increased knowledge and interpretation skills and improved quality of care (12) . Heterogeneity of design, population and teaching methods characterize the included studies, and there is a lack of validated assessment tools. Nationally developed learning objectives preceded the development of the current CTG course, and the written assessment underwent a thorough validation process (13, 14) .
A national initiative means that comprehensive data are available, enabling the detection of possible differences and patterns in CTG interpretation skills among specific subgroups, thus, shedding light on specific challenges in CTG interpretation and allowing exploration of how to optimize CTG education prospectively. An English study from 2000 evaluating a computer-assisted teaching program for intrapartum fetal monitoring found that the test scores in an 80-item multiple-choice question test were higher among physicians compared with midwives and that healthcare professionals with the highest seniority did not have the highest test scores (15). We have not been able to identify other studies exploring CTG interpretation skills among different subgroups.
With this study we aimed to examine whether CTG knowledge, interpretation skills and decision-making measured by a written assessment at a national CTG attendance course were associated with size of maternity unit, years of obstetric work experience and healthcare professional background. An additional aim was to evaluate the learning effect of attending the course.
Material and methods

Design, population and setting
This study was a national cross-sectional study examining the responses to a CTG test by healthcare professionals. The population comprised physicians and midwives from all 24 maternity units in Denmark who had participated in a CTG attendance course as part of a mandatory national CTG education program. The Danish maternity units were located across five regions and the number of annual deliveries ranged from 218 to 6315 (16) . Data collection took place from September 2013 to December 2013.
The term 'physicians' in this study refers to specialists and residents in obstetrics and gynecology. In Denmark, specialists work mainly within obstetrics (obstetricians) and gynecology (gynecologists) or both (general specialists in obstetrics and gynecology). All groups participate in obstetric night shifts. Specialty training extends over 5 years and is divided into a first-year and a second-tofifth-year residency period.
CTG is available as a method for fetal surveillance at all Danish maternity units. The Danish CTG classification system ( Figure S1 ) is based on the International Federation of Gynecology and Obstetrics' guideline and Neoventa's classification of CTG (17, 18) . As ST segment analysis (STAN) is not used at a national level the education program only comprised CTG education.
Form, content and development of the CTG course
The 1-day attendance course included lectures, plenary discussions, small group teaching and completion of a written assessment that comprised a 30-item CTG multiple-choice question test. The course and the written assessment were designed based on learning objectives developed in a national Delphi study (13) . The content addressed fetal physiology, CTG interpretation and classification, and clinical decision-making. The teaching emphasized an understanding of the physiological background for CTG changes and not just pattern recognition, and also CTG interpretation in the context of the overall clinical picture.
The multiple-choice question test was constructed in a one-best answer format in accordance with acknowledged test development theory (19) . Nearly all items in the test comprised a CTG recording and the physiology items emphasized applied knowledge concerning the physiological explanation for certain CTG patterns. Items concerning clinical decision-making were constructed with a clinical case and a CTG recording as the item stem. Examples of test items are provided in Figure S2 .
A prerequisite for participation in the CTG attendance course was completion of a CTG e-learning program. The e-learning program was available both at and outside
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The test score in a written cardiotocography assessment among Danish midwives and physicians was positively associated with working in large maternity units and having < 15 years of work experience. Whether the findings are applicable to the clinical setting was not examined. the hospital for all maternity unit staff 3 months before the course. The program took approximately 4 h to complete and was available on-line. It comprised theoretical information and the passing of 20 interactive cases and a test, which consisted of elements from the whole curriculum. Feedback was provided on all case and test responses. Participants could repeat the program and test in case of not passing. Combining different teaching methods is known to enhance learning, so the blend of elearning, lectures and small group discussions seems well founded (20) .
To evaluate the learning effect of the CTG attendance course, participants answered 10 out of 30 items on the CTG multiple-choice question test at the beginning of the course. The 10 items were randomly selected from the 30-item test with respect to the test blueprint ensuring the same proportion of items within each subject as in the full test. The participants were not told that the same 10 items would be repeated at the end of the course, nor were the correct answers provided when the course took place. At the end of the course the participants individually answered all 30 test items. A minimum of 25 correct answers was required to pass the test and all participants had a copy of the Danish CTG classification guideline (Figure S1 ) while taking the test.
The process of test development involved several validation steps to ensure that the test actually measured CTG knowledge, interpretation skills and decision-making (14) . We performed a pilot test that involved 118 physicians, midwives and midwifery and medical students. Sensitivity analyses detected acceptable discriminating abilities and we decided on a standard score using the contrasting groups method. All items in the CTG test fitted a log-linear Rasch model. Differential item functioning was detected for healthcare profession (physicians/ midwives) but not for years of obstetric work experience or size of maternity unit.
The attendance courses took place over a 4-month period (September to December 2013) and used standardized teaching material. A group of 20 experienced midwives and obstetricians, one of each on every course, conducted the teaching and had participated in a 1-day train-thetrainer course before the teaching intervention. Course participants were a deliberate mix of approximately 40 midwives and physicians. As prescribed by patient safety literature, an essential aspect of the Safe Deliveries project was that it took place in an inter-professional setting, where both midwives and physicians were taught together, and that a uniform "CTG language" was established nationally (21) .
Information on workplace, years of clinical obstetric work experience and healthcare professional background were obtained during the course. Specialized physicians were asked whether they were subspecialized within obstetrics, gynecology or other. We named this latter group general specialists and it consisted mainly of newly specialized physicians and physicians specialized within maternal-fetal medicine or fertility treatment. The test scoring was carried out at Rigshospitalet by LT, NPC, KSA and a student assistant. Each test item had a possible scoring of 0 or 1, so a maximum score of 30 was possible. A wrong, missing or double answer was categorized as incorrect.
Statistical analyses
Size of maternity unit was divided into the following five categories based on the annual number of deliveries: < 1000; 1000-1999; 2000-2999; 3000-3999 and ≥ 4000. If participants listed two maternity units as their workplace, they were allocated to the largest unit (n = 27). Years of obstetric work experience was divided into the following six categories: < 1; 1 to 5; > 5 to 10; > 10 to 15; > 15 to 20 and > 20. Healthcare professional background was divided into the following six categories: gynecologists, obstetricians, general specialists, second-to-fifth-year residents, first-year residents and midwives.
To examine a possible association between number of correct answers in the 30-item CTG test and the three explanatory variables, univariable and multivariable robust regression analyses using M-estimators with Huber weights were applied to down-weigh the potential influence of outliers (22) . In the multivariable analysis the three explanatory variables were mutually adjusted. As a post hoc analysis we compared the test fail rates across the categories using a multivariable logistic regression model. Due to the low number of cases (n = 80) fewer categories were defined for each variable. We adjusted for multiple testing using the Benjamini-Hochberg method (23) . A descriptive analysis was used to measure the learning effect of the course and examined the percentage of participants who increased their number of correct answers in the 10-item CTG test repeated before and after the CTG course. Statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). p-values < 0.05 were required for statistical significance.
Ethical approval
Written consent was obtained from all participants. Data processing was conducted anonymously. The Regional Ethics Committee of the Capital Region of Denmark evaluated the study and ethical approval was not required according to Danish regulations (protocol number: H-1-2013-FSP-48).
Results
A total of 53 CTG attendance courses were conducted and 1801 physicians and midwives from 24 maternity units participated. Physicians and midwives who participated in the CTG pilot test (n = 71) were excluded as their point of departure for taking the CTG test would have been different from that of the other participants. Eight non-specialized physicians were excluded because they did not follow a residency program but were employed in unclassified occupations or research programs. Hence, 1722 participants were eligible for inclusion, 1671 (97%) of whom gave written consent to participate. Figure 1 illustrates the distribution of correct answers on the 30-item CTG test. Ninety-five percent of the participants passed the test. As shown in the figure, the test displayed ceiling effect and potential influential outliers. Table 1 depicts the results of the robust regression analysis. The multivariable analyses showed that participants from maternity units with > 3000 deliveries/year had significantly more correct answers than participants from maternity units with < 1000 deliveries/year (mean difference 0.8, 95% CI: 0.4-1.1, p < 0.0001 for maternity units with 3000-3999 deliveries; mean difference 0.5, 95% CI: 0.2-0.8, p = 0.006 for maternity units with > 4000 deliveries). Participants with < 1 year of obstetric experience had significantly more correct answers than participants with > 15 years of experience (mean difference À 0.6, 95% CI: À 1.0 to -0.2, p = 0.007 for 15-20 years of experience; mean difference À 0.9, 95% CI À1.2 to À 0.5, p < 0.0001 for > 20 years of experience). No differences were detected between participants with < 1 year of obstetric work experience and 1-5 years, 5-10 years or 10-15 years of work experience, respectively. Sixty participants (3.6%) did not provide information on the length of their clinical obstetric work experience. Gynecologists had significantly fewer correct answers than obstetricians, midwives and second-to-fifth-year residents in the univariable analysis. This significance ceased in the multivariable analysis ( Table 1) . Fifteen of the 24 maternity units used STAN. In adjusted analyses we found no difference in mean number of correct answers for those working in a hospital using the STAN technology compared with those not (data not shown).
In the post hoc analysis we found a significantly increased probability of not passing the test when working in maternity units with < 1000 deliveries/year and when having > 15 years of work experience (Table 2 ). No differences were detected concerning professional background; hence, the post hoc analysis supported the findings from the robust regression analysis. Figure 2 shows the responses to the 10 multiple-choice question items presented before and after the CTG attendance course for the entire population. We found that among the participants who could increase their number of correct answers (0 to 9 correct answers in the initial test), 84% improved their score, 11% maintained their score and 5% decreased their score. Among the participants who had 10 correct answers on the initial test, 93% maintained their score. After examining the three explanatory variables separately, we found that a high proportion (73%-92%) of the participants in each category improved their score, indicating that all groups benefitted from the course (Table S1 ). Thirty participants (1.8%) did not take the initial test because they arrived late for the course. The proportion of missing data was low and no missing data techniques were applied.
Discussion
In this national cross-sectional study we found that the mean score on a CTG test of knowledge, interpretation skills and decision-making was positively associated with working in large maternity units and having < 15 years of obstetric work experience. In addition we found that the standardized national CTG attendance course improved the CTG skills of both highly and less experienced physicians and midwives. National data from a large and diverse population were included, which increased the study's generalizability. A high proportion of the eligible population was included and both physicians and midwives participated in the study, reflecting the inter-professional teams who manage deliveries. A further strength was the thorough process of course and test development, which ensured qualified teaching and assessment material. As shown in Figure 1 , however, the CTG test displayed ceiling effect, which limits the test's discriminatory ability, which in turn may have diminished the detected differences among groups. In addition, the test validation process revealed differential item functioning concerning profession, which means that the test is not optimal for comparing midwives and physicians (14) . Due to time constraints at the CTG course and a desire not to reveal the complete CTG test, a 10-item test was used to measure the learning effect of the course. Applying the full test would most likely have resulted in a more precise estimate. A significant limitation of our study is the lack of information on how participants perform in the clinical setting. We perceive a theoretical foundation necessary for clinical work and hypothesize that there is an association between answering a CTG test in a classroom and CTG monitoring of a laboring woman in a maternity unit. Within assessment literature it is suggested that a written assessment can predict the results of a performance-based test, thereby indicating an association with clinical skills (24) . However, our study does not address whether our findings are transferable to the clinical setting and we can only draw conclusions concerning test scores on a written CTG assessment.
The differences we found among groups were small and interpretations should be made cautiously. In the multivariable analysis the significant differences in mean test score ranged from 0.5 to 0.9. Whether this is educationally relevant is disputable; however, the post hoc analysis using test pass/fail as an outcome supported our Figure 2 . Learning effect of a national cardiotocography (CTG) course. Number of correct answers in a 10-item CTG multiple-choice question test among physicians and midwives before and after a 1-day CTG course (n = 1641). The data above the line reflect the participants who improved their score; data below the line show participants who decreased their score, and data on the line show participants who achieved the same score before and after the CTG course.
findings. Other studies have described associations between years of work experience and quality of healthcare. A systematic review reported poorer performance with increased experience in the majority of the included studies (25) . The outcomes comprised knowledge, appropriate use of diagnostic and screening tests, adherence to standards of appropriate therapy, and health outcomes. The review found the most plausible explanation to be lack of regular update of competences acquired during the years of training. They also speculated that senior physicians are less likely to adopt new treatments and less receptive to new standards of care. The same explanations could be transferred to CTG. Another explanation could be that professionals with less seniority have recently finished university and midwifery school and are therefore familiar with the process of gaining new knowledge and being tested. Hence, we have potentially tested the ability to take a test and have not tested the specific knowledge and skills. The five-stage skill acquisition model of Dreyfus and Dreyfus describe how novices adhere completely to the rules and experts work by intuition based on experience (26) . This could also explain our result, as adhering completely to rules and instructions might fit the format of a written assessment better. Finally, the fetal monitoring method STAN was introduced in Denmark in 2000 (27) . This method follows a standardized education and CTG classification system, which also can explain our results. We cannot exclude that stress and test anxiety may have biased our results (28) . Neither can we exclude the implication of motivation, which is known to enhance learning (29) . The course was mandatory, which is why we must assume that the participants' motivations for attending the course varied.
No previous studies have explored the association between CTG skills and size of maternity unit. Studies have explored the association with size of maternity unit and neonatal outcomes, with divergent results. A Danish study found that maternity units with a lower delivery volume had higher incidence rates of approved obstetric injury claims, whereas a Swedish study found no difference in risk of asphyxia among cases of substandard care between university and county hospitals (30,31). Maintaining acquired CTG knowledge and skills might be challenging in small units, as exposure to CTG monitoring is lower than in larger units. In Denmark, women with high-risk pregnancies and deliveries are referred to large maternity units with highly specialized obstetric and neonatal services. More intensive fetal monitoring is required in these cases, which probably increases the CTG skills of the physicians and midwives on these units. More frequent local training sessions and courses may also be easier to conduct in larger units.
The positive learning effect of CTG education has been described previously (12) . An interesting finding in our study was that all groups had a high proportion of participants who increased their knowledge and interpretation skills; hence, it seems that CTG teaching is beneficial for all physicians and midwives, independent of years of work experience and healthcare professional background. We are aware of one study that evaluated improved CTG knowledge in relation to profession and work experience and it also found that all groups benefitted from CTG education (15) . Our study and the previously mentioned review indicate that continuing professional development is necessary to maintain competences (25) . Training and education are not limited to novices but must also be offered to professionals with many years of clinical experience.
Conclusion
Cardiotocography knowledge, interpretation skills and decision-making measured by a written assessment were positively associated with working in large maternity units and having < 15 years of obstetric work experience. Our findings might indicate a possible challenge in maintaining CTG competences in small maternity units and a potential underrepresentation of CTG education among experienced physicians and midwives but could also reflect different levels of motivation, test familiarity and learning culture. Our study does not give information on whether the findings are transferable to the clinical setting. 
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